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(57) Abstract: A moiutonng system comprises a device to remotely sample the atmosphere (3) of a fire affected compartment to 
T^T^^ ^ir* ^r^"^ concentrations of oxygen, carbon dioxide, carbon monoxide and flammable vapom 

8 9 10. 12) A processor (14) is used to provide an indication of the safety status of the compartment (15) as safe to enter, imsafe 
to enter or undecided based on the determined gas concentrations and lempeiature. 
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h/inMITQRIN fi SYSTEM 

a.rcraft and .ts passenger _ passengers can be 

,5 ex«nguishant.Oncet.e.^^^^^^^^^^^ 

evacuated and there will usually be access lo ^^^^^^ 
. control the fire. There is never a requirement for persor^ 

result in 

tt« loss of an a„«an, but does no. put Wes at nsk. U . P 
30 personnetfromasNpatsea,sotheusefulnessofs.cha^iem,nthe 

^^i^n* ac riescribed above, is limited. 

sa,r..^n«ans,orran,o.e,ysan,p.ingtheatn,osp^^^^^^^^^^^^^ 
c«^amnentana^n9a«ans*.detenn,n,ngsubs^«y^^^^^^ 

35 re,a.K«concen.««ionso,ox«en,ca*ond«x..^^n^— 
vapours in the satnpled atmosphere; sensing means for remotely d 
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temperature of a fire affected compartment: processing means for processing the 
determined gas concentrations and temperature; and indicating means to indicate the 
safety status of the compartment as safe to enter, unsafe to enter or undecided 
according to the output of the processing means. 
5 The system of the present invention is able to detennine whether the fire has 

been extinguished, gives infonnation about potential flash-over' situations and 
provides infomnation regarding the safety of the atmosphere within the compartment 
i.e. whether breathing apparatus is required on re-entry. As the present invention 
determines and processes Information about the temperature and the relative 
10 concentrations of all the gases in the compartment it is able to provide a detailed and 
reliable indication of its safety status. A simple prediction that the fire has gone out 
may not be adequate, for example a high carbon monoxide concentration or acid gas 
concentration may require that personnel take protective measures on re-entry to the 
affected compartment. 

1 5 This is most acute when there is a potential flash over* situation. Prediction of 

this relies on a simultaneous indication of both the oxygen concentration and the level 
of flammable vapours. The present invention is able to provide this information thus 
substantially reducing or eliminating the risk of a flash over*. 

The present Invention allows the sealed compartment to be entered at the 
20 earliest safe opportunity, with the minimum risk. On a ship, this releases the crew to 
other tasks more quickly tfian using conventional methods which can be of great 
significance on fighting ships. For use In tunnels, this allows the clean up operation to 
begin sooner, reducing the loss of income due to the tunnel being closed. 

Preferably, the analysing means comprises an oxygen sensor, a carbon 
25 dioxide sensor, a carbon monoxide sensor and a flammable vapour sensor. 

Preferably, the oxygen sensor is an electrochemical sensor. These offer a 
wide range, have low power requirements and are unaffected by humidity. 
Alternatively, a paramagnetic oxygen sensor may be used. 

Preferably, the carbon dioxide sensor comprises a solid state infra red sensor. 
30 These have low cross sensitivity and signal drift, with low power requirements and 
high reliability. Alternatively, other carbon dioxide sensors, such as electrochemical 
sensors, may be used. 

Preferably, the carbon monoxide sensor comprises an electrochemical 
sensor. These have low power requirements and low signal drift. Alternatively, other 
35 carijon monoxide sensors, such as metal oxide semiconductor sensors or infra red 
sensors, may be used. 
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5 conducuvity sensors and flame ionisatlon O^^*-;- ^^^p,,^ 
Preferably the processing means compnses a Knowieuy 

I or ahovp 2vol%' the concentration of oxygen ts ouwi 
dioxide is equal to or above 2voi /o. 

^"^Ti:rl'3.o«....s.unsa,e.e^^^ 
concentraton of flammable vapours ^ equal to or above 4vo. A LEL and m 

''°"C.::rr.r:i.-rde.er.nessubs.n«a. 
.„J::;.:ra.eo,c.n.eo,..carbondlo^ecor,c^^^^^^ 
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has fallen below -0.005 vol% s'\ or the rate of change of the carbon nnonoxide 
concentration has fallen below -1 wppm s*''; or the rate of change of temperature has 
fallen below -0,1 °C s'\ or the rate of change of the oxygen concentration Is above 
0.01vol% s'\ 

5 The levels and ranges of the gas concentrations and temperature used to 

trigger the safety status indicators are suitably set to ensure adequate safety 
margins. The figures quoted are in line with occupational health levels, however other 
levels may be chosen to suit a particular application. 

Preferably, the indicating means comprises a series of light emitting diodes. 

0 Advantageously, the indicating means further comprises a liquid crystal 

display panel. 

Preferably, the atmosphere is sampled using a self contained unit, wherein 
the self contained unit comprises a sampling tube for insertion into the fire affected 
compartment; a pump to pass the sampled atmosphere through the sampling tube; 

5 an oxygen sensor, a carbon dioxide sensor, a carbon monoxide sensor and a 
flammable vapour sensor connected in series to determine the relative 
concentrations of the gases in the sampled atmosphere; a temperature probe 
attached to the sampling tube to detemiine the temperature of the affected 
compartment; processing means for processing the determined gas concentrations 

:0 and temperature; indicating means to indicate the safety status of the compartment 
as safe to enter, unsafe to enter or undecided according to the output of the 
processing means; data storage means to store the values for the relative gas 
concentrations and temperature; and an interface to enable the stored values to be 
downloaded to an external computer system for further processing. 

;5 A self contained unit has the advantage that it can be taken to the fire affected 

compartment when required. This avoids the complication and expense of installing 
individual systems in each of possibly numerous compartments. The facility to be 
able to monitor the safety status of the compartment remotely without the need to 
enter the compartment also helps to ensure the safety of operators, emergency 

\0 services and personnel. 

Preferably, the temperature probe comprises a themnocouple. 
Preferably, the system further comprises an infra red camera which is used to 
visually assess the state of the fire. Alternatively a themnal imaging camera may be 
used, however this type of camera is much more expensive. 
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If required, the system may be interfaced to a loclcing mechanism on the 
affected compartment such that entry to the compartment is prevented until the 
system decides that it is safe to enter. 

The invention will now be described by way of example only with reference to 

5 the accompanying drawing in which: 

Figure 1 shows a diagrammatic representation of a monitoring system in 
accordance with the present invention. 

The system 1 comprises a rigid case 2 with carrying handle to which is 
connected a flexible sampling hose 3. Attached to the end of the sampling hose is a 
10 rigid probe 4 to facilitate access to a fire affected compartment. The rigid probe 
further comprises a themiocouple 5. In use. a sample of the atmosphere from a fire 
affected compartment is pumped into the system by a pump 6. through a f.lter 7 and 
then in series, through a solid state infra red carbon dioxide sensor 8. an 
electrochemical carbon monoxide sensor 9. an electrochemical oxygen sensor 10. 
15 and an electrochemical acid gas sensor 11. The sampled gas then passes through 
the pump 6 and a pellistor flammable vapour sensor 12. before being expelled 
through an exhaust 13. Readings from.the gas sensors and the them^ocouple are fed 
to a signal processing unit 14 where a knowledge based algorithm is used to 
detemiine whether the compartment is safe to enter. The output from the algonthm .s 
20 displayed by a series of LED indicators 15. Alternatively, data from the signal 

processing unit can be downloaded to an external computer system via an RS232 
communications port 16 and the results displayed on the computer monitor. In th.s 
example, the system is powered by a rechargeable power supply comprising a 
battery pack 17. a power supply/battery charging unit 18 and a mains supply socket 
25 19. An adequate flow of ambient air through the system is provided by air drffusion 
membranes 20. 

Example 1. 

A fire was set alight in a sealed chamber and the atmosphere monitored using 
30 a system according to the present invention. Table 1 shows the values obtained from 
the sensors and the decisions reached by the system. 



35 
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Table 1. 



time ► 

sensor ▼ 


initial 


2 min 


4 min 


8min 


[CO] / wppm 


322 


387 


347 


30.4 


[C02]/V0l% 


1.37 


1.54 


1.30 


0.20 


[OJ / vol% 


17.9 


17.7 


18.2 


20.1 


[flam.] / vol% 


0.41 


0.42 


0.41 


0.39 


fHCIl / wDom 


0.20 


0.20 


0.20 


0 20 


temp. / "C 


63 


69 


49 


19.7 


safetv status ^ 
rate of change T 


CAUTION 


CAUTION 


CAUTION 


SAFE 


— — - wppm s 
dt 


2.01 


-1.04 






dt 


0.005 


-0.002 






dt 


-0.005 


0.015 






a/ 


0.301 


-0.125 






fire status > 


FIRE 


FIRE OUT 


FIRE OUT 


FIRE OUT 



5 Initially, the concentration of CO is above the safe limit of 40 wppm, whereas 

all other sensors show safe readings. The system returns an 'enter with caution' 
response. The rate of change of the CO concentration, CO2 concentration and 
temperature are all above alarm levels and the rate of change of the O2 concentration 
is below the alarm level. The system, therefore retums a 'fire alight' response. 
10 After 2 minutes the CO concentration remains above the safe limit of 40 

wppm and thus the 'enter with caution' indication persists, however as the rate of 
change variables are all now within the safe zones, the system retums a fire out' 
response. 

There is no change in status after 4 minutes. Although the concentration of 
IS CO is falling, it is not below safety limits, so the chamber should still only be entered 
with caution, for example, using breathing apparatus. The fire remains out. 



PCT/GBOO/02410 

WO 01/03094 7 

Aner 8 minutes all sensors give readings which are within the safe zones. The 
system returns a 'safe to enter' indication and the compartment can be entered 
««hout the need for breathing apparatus. The (ire remains out. 

The system Is thus able to remotely detemiine the safety status of a 
5 companmentwhich is affected by^. A dear indication c'w'^etherthef.e has been 
exunguished and whether the compartment is safe to reenter is prowled. Th,s 
removes the need for a judgement to be made and is therefore fansafe. 

The system, although suited for use in the event of a fire In a sh,p 
compartment, can eoualiy be used to detem,ine the safety states of any fire afield 
spa« such as a room in a building, a storage area or nn underground space such as 

a mine or a tunnel. , ^ 

,n «^ event of a fire in a rail or road tunnel it is often possible to seal off the 
fire affected area. This prevents the fire from spreading and facilitates the safe 
Tc^^on Of personnel and vehides. The use of a monitor according to^ ^ 
Ln«onwou«al^ade.s.ntobemadeastowhether*er^v^^^^^^^^^ 
and When the danger of a •fiash ove. had subsided. In add.Uon to the o^v^us^^ 
^plicafions there would also be economic benefits arising from the «mely reopenrng 
of the tunnel as soon as the situation was found to be safe. 
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1 . A monitoring system comprising sampling means for remotely sampling the 
atmosphere of a fire affected compartment; analysing means for determining 

5 substantially simultaneously the relative concentrations of oxygen, carbon dioxide, 
carbon monoxide and flammable vapours in the sampled atmosphere: sensing 
means for remotely detemiining the temperature of a fire affected compartment; 
processing means for processing the detemiined gas concentrations and 
temperature; and indicating means to indicate the safety status of the compartment 
1 0 as safe to enter, unsafe to enter or undecided according to the output of the 
processing means. 

2. A system according to claim 1 , wherein the analysing means comprises an 
oxygen sensor, a carbon dioxide sensor, a carbon monoxide sensor and a flammable 

15 vapour sensor 

3. A system according to claim 2, wherein the oxygen sensor comprises an 
electrochemical sensor; the carbon dioxide sensor comprises a solid state infra red 
sensor; the carbon monoxide sensor comprises an electrochemical senson and ' 

20 the flammable gas sensor comprises a calibrated pellistor gas sensor. 

4. A system according to any of claims 1 to 3, wherein the analysing means 
further comprises an acid gas sensor. 

25 5. A system according to claim 4, wherein the acid gas sensor comprises an 
electrochemical sensor. 

6. A system according to any of claims 1 to 5, wherein the processing means 
comprises a knowledge based algorithm to determine whether the compartment is 

30 safe to enter, unsafe to enter or undecided. 

7. A system according to any preceding claim, wherein a safe to enter indication 
is provided when ail of the following conditions are met: the concentration of 
flammable vapours is below 4vol% of the lower explosive limit (LEL); the 

35 concentration of cartson dioxide is below 2vol%; the concentration of oxygen is within 
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U,e «nge 17 U. 22vom-. the concenwtion of carbon a,ono»de is below 40 w^m; me 
iTlLon 0, 30^ gases ,s be,ow 1 wppm; and «,e .en^rature ,s be,ow 70 C, 

8 A sysfem according to any preceding daim, wherein an indlcaOon that the 
5 Lpalntn,avbeenteredw«hcau«on.sp™v«edwhenan.o,.he« 

J«ons are n«.: the concentration o,flamn«b.e vapours ,s e,r,a to or above 
4vol% LEL- the concentration of carbon diOKide is equal to or above 2V0I A. the 

:l^^oto.genisoutside.herange17to^.%;.|«con— ^ 

carbon is ecua. to or above 40 wppm; the cor«ntrat«,n c* aad gases 

equal to or above 1 wppm; the temperature is equal to or above 70 C. 

9 A system according to any preceding claim, wherein an unsafe to er,.^ 
indication is prCded when the concentration of flammab. «pou. ,s equal to or 
above 4vol% LEL and the concentration of oxygen is below 17voU. 
' 10 Asystemacco«lingtoanyprecedingclaim.whereintheprocesslng.neans 
detemrlnes substantial^ sUnultaneously the rate of change of the carbon 
r:::tcentra«on, the carbon mono.de concentrate, the temperature and the 
oxygen concentration. 

,1 A system according to daun 10, Wherein a fire al^ht indication is prov^ed 
Ls- the rate of change of the carbon dioxide concentration has fallen below 
: ; ■ ol" lie L of change of the carbon monoxide concentration has 
:rbl.1wppms-.orthera.eofchangeoftemperatu.-^^^^^^^^^ 
25 oc3-or.herateofchan9eoftheoxygenconcenfat.on,sabove0.01volAs . 

,2. A system according to any preceding daim. Wherein the ^icasng means 
comprises a series of light emitting diodes. 
30 13. A system according to any preceding Claim, Wherein the system comprises a 

self contained unit. 

14 Asys.emacco,dingtoclaim13,wherein.hese«containedunKcomprisesa 
amp^ngtubefor insertion into theflre affected compartment; a pump to pass«» 
35 i atmosphere through the sampling tube; an oxygen sensor, a carbon d. x,de 
Tsor acarbonmonoxidesensorandaflari«.ablevapoursensorconneded,n 
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series to determine the relative concentrations of tiie gases in the sampled 
atmosphere; a temperature probe attached to the sampling tube to detemiine the 
temperature of the affected compartment; processing means for processing the 
determined gas concentrations and temperature; indicating means to indicate the 
5 safety status of the compartment as safe to enter, unsafe to enter or undecided 
according to the output of the proceissing means; data storage means to store the 
values for the relative gas concentrations and temperature; and an interface to 
enable the stored values to be downloaded to an external computer system for 
further processing. 

10 

15. A system according to claim 14, wherein the temperature probe comprises a 
thermocouple. 

16. A system according to any preceding claim, wherein the system further 
15 comprises an infra red camera. 
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